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ABSTRACT 
The objective of this study was to assess some of the 
reproductive and productive parameters of pure Holstein Friesian (HF) 
cattle under Azaheer company Farm conditions in Khartoum State. 
The data were collected from available records of 203 HF cows 
all of which had four lactations covering the period from 1992-2005. 
The data was classified according to the years of calving, seasons of 
calving, (dry summer: March to June, wet summer: July to October, 
winter: November to February) and number of parities. 
 Eight reproductive and productive traits were analyzed by 
ANOVA (steel, 1997) using the computer program Statistical Package 
for Social Sciences (SPSS version 10.0). 
The means and standard errors for age at first calving, calving 
interval, open period, number of services per conception, lactation 
length, milk yield, daily milk yield and dry period were 32.8 ± 0.4 
months, 454.8 ± 8.3 days, 176.0 ± 5.2 days, 3.2 ± 0.1, 312.330 ± 4.939 
days, 4014.1 ±  82.5 liters, 12.812 ± 0.238 liters, and 156.1 ±  7.0 
days, respectively. 
The analysis of variance revealed that the calving years had a 
highly significant (P< 0.001) effect on age at first calving, lactation 
length, milk yield, daily milk yield and dry period. It also had a 
significant (P< 0.05) effect on calving interval and open period, while 
it had no influence on number of services per conception. 
Parity had a significant (P< 0.05) effect on milk yield, but no 
effect on calving interval, open period, number of services per 
conception, lactation length, daily milk yield and dry period. 
 x
The effect of season of calving was high significant (P<0.001) 
on number of services per conception, lactation length and daily milk 
yield and open period. However, its effect on age at first calving, 
calving interval, milk yield and dry period was not significant 
(P>0.05). 
The calving year × season, interaction had a high significant 
(P< 0.01) effect on number of services per conception. It also had a 
significant (P< 0.05) effect on age at first calving. 
Lactation length had a high significant (P< 0.001) effect on 
open period and dry period. 
The calving year × Parity, Interaction had a significant (P<0.05) 
effect on calving interval. 
 
ix 
 ﻣﻠﺨﺺ اﻟﺪراﺳﺔ
ﺍﺀ ﺒﻌﺽ ﺍﺒﻘﺎﺭ ﺍﻟﻬﻭﻟﺸﺘﺎﻴﻥ ﻓﺭﻴﺯﻴﺎﻥ ﺍﻟﻨﻘﻴﺔ ﺘﺤﺕ ﺘﻬﺩﻑ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﺇﻟﻰ ﺘﻘﻴﻴﻡ ﺍﺩ
ﺸﻤﻠﺕ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﺍﻟﻔﺘﺭﺓ ﻤﻥ .  ﺃﺯﺍﻫﻴﺭ ﺒﻭﻻﻴﺔ ﺍﻟﺨﺭﻁﻭﻡ ﺸﺭﻜﺔﻅﺭﻭﻑ ﺍﻟﺴﻭﺩﺍﻥ ﺒﻤﺯﺭﻋﺔ
 302ﻡ ﺤﻴﺙ ﺃﺴﺘﺨﺩﻤﺕ ﺍﻟﺒﻴﺎﻨﺎﺕ ﻤﻥ ﺍﻟﺴﺠﻼﺕ ﻟﻼﺭﺒﻌﺔ ﻤﻭﺍﺴﻡ ﺍﻻﻭﻟﻰ ل 5002ﻡ ﺍﻟﻰ 2991
 ﺓ، ﺼﻴﻑ ﺠﺎﻑﻡ ﺍﻟﻭﻻﺩـﻨﺔ ﺍﻟﻭﻻﺩﺓ ﻭﻤﻭﺴـﺏ ﺴـﺒﻘﺭﺓ ﻭﻗﺩ ﺘﻡ ﺘﺼﻨﻴﻑ ﺍﻟﻤﻌﻠﻭﻤﺎﺕ ﻋﻠﻰ ﺤﺴ
  .ﻭﺭﻗﻡ ﺍﻟﻭﻻﺩﺓ( 2-11) ، ﻭﺸﺘﺎﺀ(01-7) ، ﺼﻴﻑ ﺭﻁﺏ(6-3)
ﺼﻔﺎﺕ ﺘﻨﺎﺴﻠﻴﺔ ﻭﺇﻨﺘﺎﺠﻴﺔ ﻤﻥ ﺍﻟﻤﻌﻠﻭﻤﺎﺕ ﺍﻟﺘﻰ ﺘﻡ ﺠﻤﻌﻬﺎ ﻭﺘﻡ ( ﺜﻤﺎﻨﻴﺔ)ﺘﻤﺕ ﺩﺭﺍﺴﺔ 
 )7991 ,.la te leetS(ﺔ  ﺒﻁﺭﻴﻘ(ﺘﺤﻠﻴل ﺍﻟﺘﺒﺎﻴﻥ)ﺇﺨﻀﺎﻉ ﺍﻟﻤﻌﻠﻭﻤﺎﺕ ﻟﻠﺘﺤﻠﻴل ﺍﻹﺤﺼﺎﺌﻰ
ﻨﺕ ﻨﺘﺎﺌﺞ ﺍﻟﻤﺘﻭﺴﻁﺎﺕ ﻭﺍﻟﺨﻁﺄ  ﻓﻰ ﺍﻟﺤﺎﺴﻭﺏ ﻜﺎ)01 noisrev SSPS(ﺒﺎﺴﺘﻌﻤﺎل ﺒﺭﻨﺎﻤﺞ 
ﺍﻟﻤﻌﻴﺎﺭﻯ ﻟﻠﻌﻤﺭ ﻋﻨﺩ ﺃﻭل ﻭﻻﺩﺓ، ﺍﻟﻔﺘﺭﺓ ﺒﻴﻥ ﺍﻟﻭﻻﺩﺘﻴﻥ، ﺍﻟﻔﺘﺭﺓ ﺍﻟﻤﻔﺘﻭﺤﺔ، ﻋﺩﺩ ﺍﻟﺘﻠﻘﻴﺤﺎﺕ 
ﺍﻟﻼﺯﻤﺔ ﻟﻺﺨﺼﺎﺏ، ﻁﻭل ﻓﺘﺭﺓ ﺍﻹﺩﺭﺍﺭ، ﺇﻨﺘﺎﺝ ﺍﻟﺤﻠﻴﺏ، ﺇﻨﺘﺎﺝ ﺍﻟﺤﻠﻴﺏ ﺍﻟﻴﻭﻤﻰ ﻭﻓﺘﺭﺓ ﺍﻟﺠﻔﺎﻑ 
  :ﻫﻰ
 ﻟﺘﺭ، 5.28 ± 1.4104 ﻴﻭﻡ، 939.4 ± 033.213، 1.0  ±2.3 ﻴﻭﻡ، 2.5± 0.671
  .ﻋﻠﻰ ﺍﻟﺘﻭﺍﻟﻰ.  ﻴﻭﻡ0.7± 1.651 ﻟﺘﺭ، 832.0± 218.21
ﻋﻠﻰ ﺍﻟﻌﻤﺭ ﻋﻨﺩ ( 100.0<P) ﻨﺘﺞ ﻤﻥ ﺘﺤﻠﻴل ﺍﻟﺘﺒﺎﻴﻥ ﺍﻥ ﺴﻨﺔ ﺍﻟﻭﻻﺩﺓ ﺘﺅﺜﺭ ﻤﻌﻨﻭﻴﺎ
ﻭﺃﻴﻀﺎ . ﺍﻭل ﻭﻻﺩﺓ، ﻁﻭل ﻓﺘﺭﺓ ﺍﻻﺩﺭﺍﺭ، ﺃﻨﺘﺎﺝ ﺍﻟﺤﻠﻴﺏ، ﺍﻨﺘﺎﺝ ﺍﻟﺤﻠﻴﺏ ﺍﻟﻴﻭﻤﻰ ﻭﻓﺘﺭﺓ ﺍﻟﺠﻔﺎﻑ
ﻭﻟﻴﺱ ﻟﻬﺎ ﺘﺄﺜﻴﺭﺍﹰ  .ﻭﺤﺔﺍﻟﻔﺘﺭﺓ ﺍﻟﻤﻔﺘ ﻋﻠﻰ ﺍﻟﻔﺘﺭﺓ ﺒﻴﻥ ﺍﻟﻭﻻﺩﺘﻴﻥ ﻭ(50.0<P)ﺘﺅﺜﺭ ﻤﻌﻨﻭﻴﺎ 
  . ﺍﻟﺘﻠﻘﻴﺤﺎﺕ ﺍﻟﻼﺯﻤﺔ ﻟﻼﺨﺼﺎﺏﻤﻌﻨﻭﻴﺎﹰ ﻋﻠﻰ ﻋﺩﺩ
 ﻭﻟﻴﺱ ﻟﻪ ﺘﺄﺜﻴﺭﺍﹰ ﻤﻌﻨﻭﻴﺎﹰﻋﻠﻰ ﺍﻨﺘﺎﺝ ﺍﻟﺤﻠﻴﺏ ( 50.0<P)ﺭﻗﻡ ﺍﻟﻭﻻﺩﺓ ﻴﺅﺜﺭ ﻤﻌﻨﻭﻴﺎ 
ﻋﻠﻰ  ﺍﻟﻔﺘﺭﺓ ﺒﻴﻥ ﺍﻟﻭﻻﺩﺘﻴﻥ، ﺍﻟﻔﺘﺭﺓ ﺍﻟﻤﻔﺘﻭﺤﺔ، ﻋﺩﺩ ﺍﻟﺘﻠﻘﻴﺤﺎﺕ ﺍﻟﻼﺯﻤﺔ ﻟﻼﺨﺼﺎﺏ، ﻁﻭل ﻓﺘﺭﺓ 
ﻋﻠﻰ ( 100.0<P)ﻤﻭﺴﻡ ﺍﻟﻭﻻﺩﺓ ﻤﻌﻨﻭﻴﺎ ﻴﺅﺜﺭ . ﺍﻟﻴﻭﻤﻰ ﻭﻓﺘﺭﺓ ﺍﻟﺠﻔﺎﻑﺍﻟﺤﻠﻴﺏ، ﺍﻨﺘﺎﺝ ﺍﻟﺤﻠﻴﺏ 
ﻋﺩﺩ ﺍﻟﺘﻠﻘﻴﺤﺎﺕ ﺍﻟﻼﺯﻤﺔ ﻟﻼﺨﺼﺎﺏ، ﻁﻭل ﻓﺘﺭﺓ ﺍﻟﺤﻠﻴﺏ ﻭﺍﻨﺘﺎﺝ ﺍﻟﺤﻠﻴﺏ ﺍﻟﻴﻭﻤﻰ، ﻭﺘﺅﺜﺭ 
ﻋﻠﻰ ﺍﻟﻔﺘﺭﺓ ﺍﻟﻤﻔﺘﻭﺤﺔ ﺒﻴﻨﻤﺎ ﻻ ﺘﺅﺜﺭ ﻤﻌﻨﻭﻴﺎ ﻋﻠﻰ ﺍﻟﻌﻤﺭ ﻋﻨﺩ ﺍﻭل ( 10.0<P)ﻤﻌﻨﻭﻴﺎ
  .ﺍﻟﺠﻔﺎﻑﻭﻻﺩﺓ،ﺍﻟﻔﺘﺭﺓ ﺒﻴﻥ ﺍﻟﻭﻻﺩﺘﻴﻥ، ﺍﻨﺘﺎﺝ ﺍﻟﺤﻠﻴﺏ ﻭﻓﺘﺭﺓ 
ﻋﻠﻰ ﻋﺩﺩ ( 10.0<P) ﺍﻟﺘﻔﺎﻋل ﺒﻴﻥ ﺴﻨﺔ ﺍﻟﻭﻻﺩﺓ ﻭﻤﻭﺴﻡ ﺍﻟﻭﻻﺩﺓ ﻴﺅﺜﺭ ﻤﻌﻨﻭﻴﺎﹰ
 ﻁﻭﺍل .ﻋﻠﻰ ﺍﻟﻌﻤﺭ ﻋﻨﺩ ﺍﻭل ﻭﻻﺩﺓ( 50.0<P)ﺍﻟﺘﻠﻘﻴﺤﺎﺕ ﺍﻟﻼﺯﻤﺔ ﻟﻼﺨﺼﺎﺏ ﻭﻴﺅﺜﺭ ﻤﻌﻨﻭﻴﺎ 
 .ﻋﻠﻰ ﺍﻟﻔﺘﺭﺓ ﺍﻟﻤﻔﺘﻭﺤﺔ ﻭﻓﺘﺭﺓ ﺍﻟﺠﻔﺎﻑ( 100.0<P) ﺘﺅﺜﺭ ﻤﻌﻨﻭﻴﺎﹰﻓﺘﺭﺓ ﺍﻹﺩﺭﺍﺭ 
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 1
CHAPTER ONE 
INTRODUCTION 
 
 The Sudan has an area of one million square miles. The country 
extends through different climatic zones from the desert domain in the 
North to humid tropical forest in the South. Rainfall ranges in desert 
region to over 1000 mm in the South. The last animal census carried 
out by the Ministry of Animal resources and Fisheries (Marf, 2004) 
gave the following estimates: 
 -  Cattle 39,760,000 
 -  Sheep 48,910,000 
 -   Goats 42, 179,000 
 -  Camels 3,724,000  
Cattle of the Sudan are of Zebu type Bos indicus different types 
and are usually named after the owning tribes or by the location in 
which they exist. They include the following types: 
1. Kenana. 
2. Butana. 
3. Baggara. 
4. Erashai. 
5. Dar Alreeh. 
6. Bani Hussien (Elfagir, 2002) 
Kenana and Butana types represent about 20% of the local dairy 
cattle breeds in the Sudan. Selection and crossbreeding started in the 
Sudan to improve the productive and reproductive potentialities of the 
local dairy herd. This method was adopted by the Government and 
private sector. The crosses were mainly Friesian x Kenana and Butana 
types. 
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The objective of the policy was to increase milk production by 
infusion of exotic blood in to local breeds. The aim was to get a 
crossbred animal of better milk yield than the local type and better 
adapted to the local environment than the temperate animals. 
The pure exotic dairy breeds (Holstein- Friesian) were 
introduced in the Sudan as cows and heifers-in-calf by the private 
sector since 1976 and 1978. 
From 1984 to 1989, large-scale importation of Holstein, 
Friesian heifers-in-calf took place by the newly established modern 
dairy companies at that time. These included the Arab-Sudanese Dairy 
Company and Khartoum Company for Milk Products. 
The exotic dairy breeds (e.g. Holstein-Friesian) with high dairy 
potential suffer from reduced reproductive performance in their own 
habitat (Nebel and Mc Gillard, 1993; Babnato and Oltencau, 1994). 
This suggested that exotic dairy breeds are more vulnerable to 
hostile environmental conditions in the tropics. 
The exotic breed need an adequate health care, especially 
against the tick-born diseases (particularly Theileriosis), and high 
level of management. However, poor management can result in a 
drastic decrease in reproductive efficiency (Joe et al., 2004). 
Although the Holstein- Friesian (H.F) cows proved to be 
reasonably adaptable to warmer climates, reduced reproductive 
performance in tropics is documented. Feeding and management 
factors were cited among the most critical causes since they were not 
at the desired level (Ibrahim et al., 2003). 
The objective of this study was to assess some of the 
reproductive and productive parameters of pure Holstein-Friesian 
cattle under Azaheer farm conditions in Khartoum state. 
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CHAPTER TWO 
THE REVIEW OF LITTERATURE 
 
2.1. Reproductive Traits:  
2.1.1. Age at first calving:  
The term is defining as the period from date of birth of an 
animal to the date of its first calving. 
Age at first calving is one of the most important factors 
affecting the productive life of cows (Costa, et al., 2004). Within 
limits the shorter the age at first calving, the lesser is the unproductive 
time.   
Research showed that there was a positive effect of age at first 
calving on milk yield and fat percentage and a negative effect on 
protein Percentage. Pirlo et al. (2000) found that the most positive 
difference between milk yield returns and rearing costs was achieved 
with age at first calving between 23 – 24 months. Abeni et al. (2000) 
reported that early calving Holstein heifers produced less milk and 
showed higher protein percentage than late calving heifers. 
Estimates of age at first calving obtained from Holstein 
populations in temperate countries were often different from those 
obtained in tropical and subtropical countries. In temperate regions, 
Friesians attain puberty earlier than in the tropics (8-11 months 
compared to about 20 months in the tropics) and their age at first 
calving is between 20 – 26 months compared to about 30 months in 
the tropics (Zaied, 1995). 
Abubakar et al. (1986) reported that age at first calving in 
Columbia averaged 36.6 months. Costa et al. (2004) estimated the 
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average age at first calving of Holstein-Friesian in Colombia and 
Brazil as 32.1 ± 3.5 and 29.5 ±4 months, respectively.  
Osei, et al. (1991) calculated the mean age at first calving for 
locally bred Friesian heifers as 34.4 months with a range of 30 to 36 
months compared to 30.8 months obtained by Gyawu et al. (1990). 
Ageeb and Hayes (2000) cited that Holstein-Friesian heifers 
reared in Sudan calved at 25.2 ± 2.3 months. 
Abuzaid (1999) reported that the average age at first calving of 
imported Friesians and locally born was 24.5 ±1.5 and 26.1 ± 3.2 
months, respectively. 
ELkhalil (2001) estimated the average age at first calving of a 
Holstein herd in Libya as 36.57 ± 8.80 months with 24.06 % 
coefficient of variation. In addition, he found that both sires and 
calving year-seasons had high significant (P<0.001) effects on age at 
first calving. 
ELfakey and ELzubeir (2004) reported that age at first calving 
significantly affected lactation length (P≤0.01). A Lactation length of 
(470.5) days was associated with the age group of (650 – 700) days.  
A longer Lactation period (501.2 days) was obtained at the age group 
of (700 – 750) days.  
Abdelgader (2002) estimated the average age at first calving of 
Friesian cattle in hot-humid climates as 26.54 ± 2.6 months for cows 
calving during summer and 26.41 ± 3.20 months for cows calving 
during winter with an overall mean of 26.48 ± 2.92 months. 
Abdelgader (2004) studied the performance of Friesian cows 
under Sudan tropical conditions and reported that the mean age at first 
calving was 29.762 ± 0.395 months in a set of 1049 records.  
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2.1.2 Calving Interval: 
Calving interval is the period between two consecutive calving. 
The ideal calving interval is 12 months. Both gestation period and 
open period reflect the reproductive performance of the animal. The 
former period is relatively constant while the latter is part of the 
calving interval that can be shortened by improved herd management 
(Abdelgader, 2004). Calving interval can be divided into lactation 
length and dry period. These are associated with its production 
potential. There is a general agreement that the calving interval of 
Friesian under Sudan condition is not less than 14 months 
(Abdelgader, 2004).  
In a grass-based production system with seasonal calving, 
fertility is of major economic importance. A delay in conception due 
to poor fertility prolongs calving interval and causes a shift in calving 
pattern, which can lead to culling. Calving interval information is 
readily available from milk records. Analyzing it, however, presents a 
problem. It is only available for cows that conceive and calve again. 
Calving Interval should therefore be treated as censored trait. (Olori  
et al., 2002). 
Abuzaid (1999) reported that the mean calving interval of 
imported and locally born Friesian cows in the Sudan was 479± 129 
days(= 16.0 months) and 477.1 ± 152.4 days (=15.9 months), 
respectively. 
Pryce et al. (2001) estimated the average calving interval for 
Holstein – Friesian cows as 396 days. 
ELkhalil (2001) analyzed 839 records from 462 cows and found 
that calving interval was 13.54 ± 2.26 months with 16.69% coefficient 
of variation for Holstein – Friesian cattle in Libya. 
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Serder and Erdogan (2002) concluded that the mean value of 
calving interval was 12.30 ± 0.05 months. 
Abdelgader (2002) showed a highly significant (P<0.001) effect 
of parity number on calving interval. There was a very wide range in 
calving interval between parities in both seasons. The longest calving 
interval was found in parity two for cows calving during summer 
(439.48 ± 64.74 days). The shortest calving interval was reported in 
parity three for cows calving during winter (378.85 ± 53.85 days). It 
was shown that the effects of season and season x parity interaction on 
calving interval were not significant. 
ELfagir (2002) estimated the overall mean of calving interval as 
432.33 ± 2.23 days for Holstein – Friesian in Sudan. 
Abdelgader (2004) reported that the sire, calving year- season 
did not significantly (P≤0.05) affect the calving interval.  The parity 
number had significantly (P≤0.05) affected the calving interval. She 
found that the mean calving interval was 433.117 ± 6.699 days = 
14.43 ± 0.223 months with 23.79 % coefficient of variation. 
2.1.3 Open Period:  
This term is defined as time between calving to successful 
service. 
Many authors studied this trait and reported variable means. 
ELfagir (2002) calculated that the overall mean of open period was 
155.75 ± 1.98 days.  This trait was highly significantly (P< 0.001) 
affected by the Lactation number and year of calving, but not by 
season or type of cow. 
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Basheir (1990) in Sudan calculated the service period for 
imported Holstein – Friesian and their locally – born daughters as 74.4 
and 83.4 days, respectively. 
Serdar and Erdogan (2002) reported a value of 93.33 ± 1.57 
days as the service period in their study. 
Zaied (1995) reported from 566 and 467 first Lactation records 
that the mean open period was 94.8 ± 2.3, 145.2± 3.2 days, for 
imported and home bred cows in Libya, respectively. 
ELkhalil (2001) studied 839 records from 462 cows and 
reported that the mean open period was 185.87 ± 96.67 for Holstein – 
Friesian cattle in Libya. 
Abdelgader (2004) reported that the mean open period was 
167.785 ±7.084 days, with a coefficient of variation of 65.01%. The 
result also revealed that the effects of parity number caused an 
increasing open period with advancing parity number. The open 
period after the first parity was significantly (P<0.05) different from 
the period after the second and fourth parities. 
Abdelgader (2002) found the longest mean open period for the 
cows that calved during summer was 130.62 ± 53.24 days while the 
shortest days were found in parity one for cows calving during winter 
(79.53 ± 23.48 days). 
2.1.4 Number of Services per Conception (NSPC):  
Number of services per conception is one of the most important 
factors affecting the reproductive efficiency and fertility level of the 
dairy herd and it is a good measure of reproductive status. It is easy to 
understand and calculate but it usually does not indicate the reason 
why heifers and cows fail to conceive. 
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The term NSPC was defined by Esslemont et al. (1985) as the 
total number of services given to a group of cows over a defined 
period divided by the  number of services which result in a diagnosed 
pregnancy not less than 42 days after service, with service to culled 
cows included. In China Osei et al. (1991) reported the number of the 
seminations required for conception of Friesian cattle was 1.97, and 
they stated that the number improved with the age of calving. 
Abdelgader (2004) calculated that the overall mean of number 
of services per conception was 2.348± 0.107, and found that the NSPC 
in the first parity was significantly (P<0.05) higher than NSPC in the 
third and fourth parities, while it was similar (P<0.05) to the NSPC in 
the second parity. 
Abdelgader (2002) reported that (NSPC) was lowest (P< 0.05) 
in parity one (1.3± 0.76) for cows calving during winter. The highest 
number of services was recorded in parity four (2.3 ± 1.35) for cows 
calving during summer. Elfagir, (2002) reported that the overall mean 
NSPC was 1.92 ± 1.97 and was significantly affected by year and 
season of calving (P<0.01).  
2.2 Productive Traits: 
2.2.1 Lactation Length:  
Lactation length is defined as the time between two consecutive 
calving during which cows are capable of producing milk. The length 
of lactation is one of the lactation curve’s components and thus affects 
milk yield. Another definition of lactation length is the period between 
the first 3-4 days after calving and the end of milk recording 
(Abdelgader, 2004). 
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Many authors reported on this trait and found variable means 
Zaiad  (1995) indicated that lactation length averaged 320 days for 
Friesians in Iraq, 380 days for Friesians in Tunisia, 300 days for 
Friesians in Egypt and 332 and 359 days for home bred and imported 
Friesian cattle in Libya. Elfagir (2002) reported for Holstein-Friesian 
in Sudan that the overall mean of lactation length was 254.2 ± 1.34 
days. The trait was highly significantly (P<0.001) affected by parity, 
year and season of calving. 
Ahmed et al. (1996) reported that lactation duration was 323.9, 
±303, 315 ± 2.8), (293.0 ± 2.5), (372.6 ± 4.5), (350.6 ± 2.4) and 
(359.6 ± 3.1) days, consecutively for the first three lactations of 
imported and locally born Holstein Friesian cows in Libya. Abuzaid 
(1999) reported for imported and locally born Friesian in Sudan that 
the average of lactation length was 375.7 ± 103.8 and 366.8 ± 79.6 
days, respectively.  
Ibrahim et al. (2003) found the mean of lactation length in 
Friesian cows was 336.0 days. 
Ageeb et al. (2000) (b), studied records of Holstein cows in 
Sudan and found that the average lactation length in the herd was   
350 ± 8.0 days. 
Elfakey and Elzubeir (2004) reported that parity number 
showed a significant effect (P≤0.01) on lactation length with a 
positive correlation. The longest lactation (506.2 days) was obtained 
in the third parity and the shortest (472.3 days) was in the fourth 
parity. 
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Tsuruta, et al. (2005) calculated the mean lactation length as 
358 days in Friesian cows, and the average duration of the first 
lactation was 365 days for survivors and 386 days for culled cows. 
Abdelgader (2002) reported that the mean lactation length for 
the cows calving during summer was 343 days, while that for winter 
calving cows was 318 days with an overall mean 330 ± 47.9 days. 
2.2.2 Milk Yield:  
   Milk yield is one of the most important characters affecting 
the economics of production. Dairy farmers depend on cattle with as 
high level of milk production as possible. Milk yield is the amount of 
milk produced by an animal over a specified period usually 305 days. 
At the beginning after birth it is produced a relatively high rate and the 
amount of secreted milk continues to increase for about the first 6 
weeks and then gradually decreases. 
The Holstein-Friesian breed is known for high production of 
milk under temperate climates, but most of the cattle in the tropics 
have an average of an extremely low level of milk production. This is 
due to changes in environmental conditions of climate, diseases, 
parasites and low standards of animal husbandry. The influence of 
environmental factors on dairy cattle farm has been well documented. 
Elfagir (2002) stated that the overall mean lactation yield was  
2828.42 ± 22.38 liters for HF in Sudan. Sharma et al. (1980) in India 
indicated that average lactation yield of Haryana cows in the first, 
second, third, fourth and fifth lactation yield were 1170.7, 1180.8, 
1195.6, 1179.0 and 1075.1 kg respectively. In all lactations, the 
monthly yield were highest in the second, third and fourth month of 
lactation and lowest in the ninth and tenth month. The rate of decline 
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per month was highest between the first and second lactation and all 
monthly yields were correlated with 300 days yield (0.77 - 0.99, 
P≤0.01). 
They concluded that part of lactation yield during the fourth to 
the sixth month of lactation would give a good indication of total 
lactation yield in the first lactations.  
   Abdegader (2002) reported that the means for total milk yield 
were 8424 and 8175 liters for cows calving during summer and winter 
respectively with an overall mean of 8300 ± 1997 liters. 
Ageeb and Hays (2000) studied a herd of 370 Holstein-Friesian 
cows, which were maintained on an intensive dairy farm in Sudan 
during the period 1990-1996. The average adjusted lactation milk 
yield was 5117 ± 123 kg  
Pirlo et al. (2000) reported that there is a positive effect of age 
at first calving on milk yield at 305 days milk yield period for Italian 
Holstein. 
Kassab and Salem (2000) studied 4200 records from 1019 ows 
in Egypt. The analysis of variance showed that all milk yield traits 
showed a curvilinear relationship with age at first calving and with 
days open, but annual milk yield decreased with increase in days open 
and the highest milk yield was attained when cows had the least 
duration of the preceding dry period. 
 Hayder and Samee (2002) studied data on 90 imported 
Holstein-Friesian cattle and 127 Pakistan-born progeny. The overall 
305 days milk yield for the two groups was 3356.53 ± 244.25 and 
2493.51 ± 106.89 liters, respectively. 
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 The effect of year of calving was not significant on first 
lactation 305-days milk yield, while it was significant (P≤0.05) for 
305 day overall average milk yield.  
Abdegader (2004) reported that the overall mean of milk yield 
per lactation was 3475.526 ±78.889 kg with highly significant effects 
(P< 0.001) of year-season and parity number on milk yield.  
2.2.3 Daily Milk Yield:  
Daily milk yield is measured by the amount of milk produced 
by an animal through 24 hours.  
Berglund and Danell (1987); Nielsen (1999) indicated that dairy 
cattle, in common with most lactating mammals, are usually in 
negative energy balance during the first few weeks of lactation.  
High milk yield and its consequent negative energy balance 
were hypothesized to be associated with delayed ovarian activity by 
suppressing leutinizing hormone (LH) release in early postpartum 
periods. Also high producing cows had low LH in their blood stream 
during the first two weeks postpartum (Dachir et al., 1984). 
Prolactin inhibitory factors are secreted during the high 
lactation period which in turn suppress gonadotrophin releasing 
hormone and hence the production of gonadotrophin (Hafez, 1975). 
Remero et al. (1992) in Venezuela reported that the average 
daily milk yield was 10.76 kg. Age at first calving significantly 
affected 305 day and daily yields of Holstein breeding cows. Pryce    
et al. (2001) calculated that the average daily milk yield in the first 26 
weeks of lactation was 28.0 kg. 
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Ageeb et al. (2000) reported the average of milk yield per day 
was 14.7 ± 0.25 kg). Elfaky and Elzubeir (2004) concluded that the 
average daily milk yield of the first 100 days was 21.3 kg. 
2.2.4 Dry Period:  
The dry period, is the period when milking is stopped. The ideal 
dry period 60 days in length between lactations and parturition. It is 
required to maximize milk yield in the next lactation. Studies have 
demonstrated that a dry period less than 40 days reduces milk yield in 
the subsequent lactation, and an 8- week’s dry period was optimal 
(Funk et al., 1987). The standard dry period length in cattle is 60 days 
before the expected date of next calving. 
The normal procedure to dry off cows is to withdraw all grain 
and reduce the water supply several days before the start of the dry 
period. These measures drastically reduce the milk production during 
that time (Mutaz, 2006). The cows which were given normal dry 
period usually produced 62 to 75% as much milk in the subsequent 
lactation as their twins given rest of 60 days between lactations 
(Folley (1972). 
Abdegader (2004) cited that dry period is necessary in order to 
accomplish one or more of the following:  
1-  To replenish the body with nutrients those were depleted during 
lactation. 
2- To repair and regenerate the alveolar system  
3- To gain new stimulation for lactation as the result of parturition 
following gestation. 
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Elfagir (2002) calculated that the overall mean length of dry 
period was 208.88 ± S.E 27.02 days. The length of the dry period was 
nither affected by lactation number nor by year or season of calving.   
Islam et al. (2005) reported that the dry period of Friesian cross 
was 127± 46.66 days. 
Ishag (2000) estimated the average dry periods for crossbred 
cows (Friesian x Kenana) in Sudan and found that the overall mean 
was 90.02 ± 89.19 and 96.31 ± 70.16 days. 
Abdelgader (2002) working on Friesian cattle production in hot 
climates found that the overall mean dry period was 57.25 ± 23.35 
days. It was shown that parity number had a significant (P<0.05) 
effect on days dry and found that 75.8% of the cow in her study had 
dry days ranging between 40 – 60 days.  
Abdegader (2004) analyzed data on 1049 records from Friesian 
cows in Sudan and found that the overall mean dry period was 
164.075 ± 6.699 days. In Iraq Juma and Altkriti (1991) reported that 
the mean dry period was 101.2 ± 2.8 days in Friesian cows.  
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CHAPTER THREE 
MATERIAL AND METHODS 
 
3.1 Farm location and history:  
The present study was conducted at the farm which used to 
belong to the Arab Company for Agricultural Production and 
Processing (Sudan) Ltd. between the years 1984 to 2003, at              
El-Baggair 35 Km South East of the capital Khartoum. 
This farm is considered as one of the first model farm in Sudan 
at that time with regard to housing construction and management. The 
foundation herd consisted of a thousand late pregnant Holstein-
Friesian heifers imported from West Germany in 1984 and 1985 in 
two batches (500 heads each). 
Later this farm was sold to a private investor and named 
Azaheer Agricultural and Animal Production and Investment Co. Ltd 
in the years from 2003 to 2006. 
3.2. Management system:  
Management system used was the closed intensive system with 
zero grazing. 
3.2.1. Housing: 
The area of the farm covered about 5000 feddans. Animal sheds 
were built in an east west direction. Adequate ventilation was ensured 
through the open gables and open ride. The roof was made of a double 
layer of corrugated metal sloped to allow for drainage during rains. 
The floor of shaded and open area is concrete to prevent 
slipping and facilitate drainage. 
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The animal’s housing was divided into two buildings. Each was 
made of shaded pens, where animals spent most of the day hours. And 
free access to an open exercise yard (15x4m). There are ten cow pens. 
Each can accommodate thirty cows. Each group having a shaded 
resting and feeding area of (5x6m/animal). Free access to drinking 
water is ensured in the shaded area. 
3.2.2. Feeding programme: 
The nutritional program for the cows in the farm depends on the 
Total Mixed Diet (TMD) and green roughage. (TMD) consisted of 
forage and concentrate mix. The (TMD) generally contain ingredients 
such as ground nut cake, cotton seeds cakes, sorghum grain, wheat 
bran, molasses, salt and lime stone. The forage used in (TMD) was 
alfalfa (Lucerne) hay and sorghum (Abu 70). 
Generally all ingredients were purchased from the local 
markets. The green roughage was offered once a day, while the 
(TMD) was given twice daily after milking. 
3.2.3. Breeding programme: 
Heifers and cows were monitored for estrous twice a day in 
early morning and early evening. The heifers were monitored for 
natural service by bulls. However, the cows were monitored to be 
artificially inseminated (A.I) which was the main method of 
impregnating cows.  
3.2.4. Milking system: 
Machine milking was adopted in the farm with milk storage and 
cooling facilities. Cows were milked twice daily. 
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3.2.5. Animal health: 
All animals in the farm were regularly vaccinated against Foot 
and Mouth disease (FMD), Brucellosis using strain 19, Rinderpest, 
Anthrax, Contagious Bovine-Pleuropnemonia (CBPP), Black Leg 
(Black quarter) and Rota  and  crona virus. 
Health and hygiene control were regularly taken care of by 
veterinary surgeon and internal and external parasite control were 
carried out by regular spraying of all animals. Spraying was one to 
three times a month.  
3.2.6. Records: 
One of the responsibilities of the management in the farm was 
to keep different types of records such as nutrition, calving, 
production, health, insemination and calving records. 
3.3. Data composition and method of analysis:  
The data used in this study were collected from available milk 
records of about 203 Holstein- Friesian (H-F) cows all of which had 
four lactation records made in the years 1992 to 2005. 
Holstein-Friesian cows and calves reared in the dairy farm of 
the Arab Company for Agricultural Production and Processing 
(Sudan) Ltd, at El-Baggair area in the years 1984 to 2003 and by 
Azaheer Agricultural and Animal Production and Investment Co. Ltd, 
in the years from 2003 to 2006 were investigated. 
The data of cows were classified according to year of calving, 
parity and season of calving. Three seasons were used, dry summer 
(March-June), wet summer (July-October) and winter (November- 
February). 
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Nine reproductive and productive traits, and were evaluated. 
Traits Include: 
1. Age at first calving. 
2. Calving interval. 
3. Open period. 
4. Number of services per conception. 
5. Lactation length. 
6. Milk yield. 
7. Daily milk yield. 
8. Dry period. 
The data was analyzed by Computer Program of the Statistical 
Package for Social Sciences (SPSS Version 10.0). 
Analysis of variance in accordance with Steel et al. (1997) was 
carried out on all traits of interest.   
Duncan’s Multiple Range Test for means separation was used. 
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CHAPTER FOUR 
RESULTS AND DISCUSSION 
 
 
 4.1 Reproductive traits:  
4.1.1 Age at first calving:  
 Age at first calving had a clear effect on productive life of the 
cow. In this study the overall mean age at first calving was 32.8 ± 0.4 
months (Table 1) and is higher than that reported by Abeni et al. 
(2000) for Holstein Friesian Heifers reared in Sudan, Abuzaid (1999) 
for imported and locally born Friesian in the Sudan, Abdelgader 
(2002) for Friesian cattle in hot-humid climates and Amani (2004) for 
Friesian cows in Sudan. Osei   et al. (2000) also obtained estimates 
close to this mean for locally bred Friesian heifers. Also similar was 
the estimate of Costa et al. (2004) for Holstein-Friesian in Colombia 
However, lower estimates were reported by Abubakar et al. (1986) in 
Columbia and Elkhalil (2001) in Libya. As seen in table (1) the 
overall mean of age at first calving for the period 1992-2005 was 32.8 
month with a standard error of 0.4.  
 Appendix (1) presents the analysis of variance carried out to 
test the effect of calving years on age at first calving was highly 
significant (P<0.001). However, the effects of season were not 
significant (P>0.05) while the effect of calving year x season were 
significant (P<0.05). The significant effect of year of calving of this 
study agreed with those of Abdelgader (2004) and Abdelgader (2002). 
Table (2) revealed that the longest (34.0 ± 0.6 months) age at first 
calving was in wet summer and the shortest (31.5 ± 0.6 months) for  
cows calving during dry summer. 
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Table (1): The means and standard errors of age at first calving    (months) in 
different calving years 
Calving  years Mean S. E 
Overall mean 32.8 0.4 
1 1992 – 1994 28.3a 0.5 
2 1995 – 1997 30.6b 0.6 
3 1998 – 2000 31.6b 0.6 
4 2001 – 2005 40.5c 1.1 
 
* Means followed by similar letters are not significantly different at 
(P<0.05). 
* S.E = Standard error. 
 
 
 
 
Table (2): The mean and standard errors of age at first calving (months) in 
different seasons. 
 
   
 
 
 
 
 
 
 
 
Season of calving Mean S. E 
Overall mean 33.0 0.4 
Winter 33.0 0.6 
Dry summer 31.5 0.6 
Wet summer 34.0 0.6 
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Table (3) revealed  that  the shortest (27.1 ± 1.1 month)  age at 
first calving was found for cows calving in the first years group 
during dry summer, and the highest (43.6 ± 1.0 month) for cows 
calving in the third year group during wet summer.     
4.1.2 Calving Interval:  
 The overall mean of calving interval was 454.8 ± 8.3 days and 
it was significantly (P<0.05) affected by calving years and its 
interaction with parity, but not by parity, season of calving and their 
interaction. However, calving year x season and the interaction of 
parity with calving year – season were not-significant (P>o.o5) 
Appendix (2). 
 The effects of parity number are shown in table (4).  
 Table (5) shows that, cows in the earliest calving years groups 
had significantly (P<0.05) shorter calving interval (379.9 ± 30.0 days) 
than those in the interim calving year groups (484.0 ± 11.8 and 479.1 
± 11.3 days). The variation in calving interval among calving years 
could be attributed to the variation in management practices.  
    Also the result indicated that the longest calving interval was 
found in dry summer (468.8 ± 199.3 days) while the shortest was 
reported in winter and wet summer (442.6 + 13.1 and 454.3 ± 10.5 
days).  
Calving interval is an important trait that affects production 
efficiency. The standard calving interval for Holstein-Friesian is 
between 356 – 380 days (Abdegader, 2004). The overall mean calving 
interval in this study was 454.8 ± 8.3 days. This is probably caused by 
the variation in managerial practices, and feeding. This result agrees 
with  that  obtained  by Elfagir  (2002)  in  Sudan,  Abdegader  (2004).  
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Table (3): The mean and standard errors of age at first calving (months) in 
calving year's, season subclasses. 
 
Calving  Years Season of calving Mean S. E 
 Overall mean  32.8 0.3 
Winter 29.5 0.9 
Dry summer 27.1 1.1 1 1992 – 1994 
Wet summer 28.0 0.7 
Winter 32.0 1.3 
Dry summer 31.4 1.0 2 1995 - 1997 
Wet summer 31.6 1.0 
Winter 39.2 0.8 
Dry summer 38.1 1.3 3 1998 - 2000 
Wet summer 43.6 1.0 
Winter 31.1 2.0 
Dry summer 29.6 1.5 4 2001 -2005 
Wet summer 32.1 2.3 
 
 
Table (4): The means and standard errors of calving interval (days) in 
different Parities. 
 
Parity Mean S.E 
Overall mean 454.8 8.3 
Second 464.4 12.6 
Third 447.1 16.9 
Fourth 451.3 13.1 
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Table (5): The means and standard errors of calving interval (days) in 
different calving years 
  
Calving Years Mean S.E 
Overall mean 454.8 8.3 
1 1992 – 1994 379.9a 30.0 
2 1995 – 1997 484.0b 11.8 
3 1998 – 2000 479.1b 11.3 
4 2001 – 2005 441.9a 18.3 
 
* Means followed by similar letters are not significantly different at 
(P<0.05). 
* S.E = Standard error. 
 
 
 
 
Table (6): The means and standard errors of calving interval (days) in different 
seasons. 
 
 
 
 
 
 
 
 
 
 
 
Season of calving Mean S.E 
Overall mean 454.8 8.3 
Winter 442.6 13.1 
Dry summer 468.8 19.3 
Wet summer 454.3 10.5 
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While a shorter interval were obtained by Abdelgader (2002) in 
Sudan, Elkhalil (2001) in Libya. Results of the current study are lower 
than those obtained by Abuzaid (1999) in Sudan. 
The results in table (7) show that there was a very wide range in 
calving interval in different parities in the different calving years 
groups. The longest calving interval was found in the second parity for 
cows calving in the second year groups (449.5±18.5 days) while the 
shortest was reported in the third parity for cows calving in the first 
year groups (371.6±62.4 days). 
4.1.3 Open Period:  
Open period one of the trait that has an important economic 
effect. The analysis of variance was carried out and is shown in 
appendix (3). It revealed that the lactation length, calving years, 
season of Calving had significantly (P<0.01, P<0.05, P<0.01, 
respectively) affected open period. However, parity and its interaction 
with year – season of calving and parity x season of calving were not 
significantly (P> 0.05) affect the open period.  
Table (8) shows that the overall mean of open period was    
176.0 ± 5.2 days. The means and standard errors of open period in the 
four calving year groups are shown in table (9), the open period in the 
first two groups (178.8 ± 14.3 and 155.9 ± 7.8 days) were similar but 
had significantly different from the other two groups. 
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Table (7) The means and standard errors of calving interval (days) in parity - 
calving year’s subclasses. 
 
Parity Calving Years Mean S.E 
Overall mean  454.8 8.3 
1992 - 1994 385.4 27.9 
1995 - 1997 549.5 18.5 
1998 - 2000 482.8 20.7 
Second 
2001 - 2005 440.0 31.5 
1992 - 1994 371.6 62.4 
1995 - 1997 478.1 19.0 
1998 - 2000 451.4 20.4 
Third 
2001 - 2005 462.2 36.2 
1992 - 1994 . . 
1995 – 1997 427.3 23.5 
1998 – 2000 503.1 17.1 
Fourth 
2001 - 2005 423.5 26.4 
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Table (8): The means and standard errors of open period (days) in different 
parities: 
 
Parity Mean S. E 
Overall mean 176.0  5.2 
First 164.6 9.4 
Second 175.9 9.6 
Third 176.7 12.3 
Forth 190.9  9.6 
 
 
 
 
Table (9): The means and standard errors of open period (days) in calving years: 
Calving Years Mean S. E 
Overall mean 176.0 5.2 
1 1992 – 1994 178.8ab 14.3 
2 1995 – 1997 155.9ab 7.8 
3 1998 – 2000 180.5b 8.2 
4 2001 – 2005 190.1a 12.0 
 
* Means followed by similar letters are not significantly different at 
(P<0.05). 
* S.E = Standard error. 
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In table (10) the season effect on open period was clearly 
demonstrated. The highest attained open period (203.8 ± 11.1 days) 
was in the dry summer. It decreased in winter and wet summer 
reaching a minimum of 163.5 ± 8.4 and 162.7 ± 7.3 days in winter and 
wet summer, respectively. 
 The overall mean of open period in this study was longer than 
the mean obtained by Elfagir (2002) in Sudan, Bashir (1990) in 
Sudan, Serdar and Erdogan (2002), and Abdelgader (2002). Our 
estimate agrees with the result obtained by Abdelgader (2004) in 
Sudan and Elkhalil (2001) in Libya.                                                                                 
4.1.4 Number of services per conception (NCPC):  
Number of services per conception (NCPC) is one of the most 
important traits that measures reproductive efficiency. 
The overall mean NCPC was 3.2 ± 0.1   (Table 11). Our finding 
is higher than that reported by Osei et al. (1991) in Ghana, Abdelgader 
(2004) in Sudan. Elfagir (2002) for Holstein Frisian cows in Sudan. 
The analysis of variance showed that there was a highly 
significant (P≤0.001 and P≤0.01) effect of both season of calving and 
season × calving year, but the effect of parity, year of calving and 
their interaction with season was not significant (P>0.05) (appendix 
4). This finding disagrees with that of Abdelgader (2004) for Friesian 
cows in the Sudan, who reported a significant effect of parity on  
NCPC. However, the effect of parity and season on NCPC was similar 
to that reported by Elfagir (2002) in Sudan.  
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Table (10): The means and standard errors of open period (days) in different 
seasons of calving.  
Season of calving Mean S.E 
Overall mean 176.0 5.2 
Winter 163.5 a 8.4 
Dry summer 203.8 b 11.1 
Wet summer 162.7 a 7.3 
* Means followed by similar letters are not significantly different at 
(P<0.05). 
* S.E = Standard error. 
 
Table (11): The means and standard errors of number of service per conception 
(NCPC) in different parties 
Parity Mean S. E 
Over all mean 3.2 0.1 
First 3.2 0.2 
Second 3.3 0.3 
Third 3.0 0.2 
Fourth 3.6 0.2 
 
Table (12): The means and standard errors of NCPC in different years of calving. 
Calving years Mean S. E 
Over all mean 3.2 0.1 
1 1992-1994 3.1 0.3 
2 1995-1997 3.0 0.1 
3 1998-2000 3. 3 0.1 
4 2001-2005 3. 6 0.2 
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The result in table (13) also indicated that the NCPC in the 
winter was significantly (P≤0.001) lower than the NCPC in dry 
summer, while it was similar to the NCPC in the wet summer. This 
was probably due to the negative effect of the dry summer on 
reproductive performance, which leads to high NCPC and low fertility 
(table 13). 
Table (14) shows that the NCPC was lowest (P≤0.01) in the 
second year group (2.452±0.219) for cows calving during winter. 
However, the highest NCPC was recorded in the fourth year group 
(5.132±0.501) for cows calving during dry summer.  
4.2 Productive Traits:  
4.2.1 Lactation Length:  
The optimal lactation length is generally taken to be 305 days. 
In this study the overall mean of lactation length was 312.330 ± 4.939 
days (Table 15). 
These results are in agreement with the findings of Zaied (1995) 
for Friesians cows in Iraq, Egypt and for home bred cattle in Libya. 
Also this result is close to those obtained by Abdelgader (2002). A 
higher estimate was reported by Ibrahim, et al (2003), Tsuruta, et al 
(2005), Ageeb (2000) for Holstein cows in Sudan, Abuzaid (1999) for 
Friesians in Sudan. Lower estimates of lactation length had been 
reported by Elfagir (2002) for Holsteins – Friesians in Sudan. 
 The analysis of variance of lactation length is shown in 
appendix (5). The analysis revealed that the trait was significantly   
(P≤0.001) affected by year and season of calving, but not by parity nor 
by the interactions of parity × year and season of calving. As for      
the  effect of  parity  the findings of  this  study  agreed  with  those  of  
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Table (13): The means and standard errors of NCPC in different seasons of 
calving. 
Season of calving Mean S.E 
Over all mean 3.2 0.1 
Winter 2.8a 0.2 
Dry summer 3.9b 0.2 
Wet summer 3.1a 0.1 
* Means followed by similar letters are not significantly different at 
(P<0.05). 
* S.E = Standard error. 
 
 
Table (14): The means and standard errors of NCPC in calving years and season 
subclasses. 
Cal Years Season of calving Mean S. E 
 Over all mean   3.2 0.1 
Winter  3.4 0.5 
Dry summer 2.8 0.5 1992-1994 
Wet summer 3.0 0.3 
Winter  2.5 0.2 
Dry summer 3.4 0.3 1995-1997 
Wet summer 3.0 0.2 
Winter  2.9 0.2 
Dry summer 3.5 0.3 1998-2000 
Wet summer 3.3 0.2 
Winter  2.6 0.3 
Dry summer 5.1 0.5 2001-2005 
Wet summer 30 0.3 
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Abdegader (2002) and disagreed with the result of Elfagir (2002) for 
Holsteins – Friesian in Sudan. The significant effect of years and 
seasons of calving on lactation length agreed with those of Elfagir 
(2002). 
        Table (15) presents the mean and standard errors of lactation 
length in four parities and they ranged between 298.23 ± 8.980 days 
and 325.442 ± 8.802 days with minor differences in lactation length 
due to parity. 
The result also showed that the lactation length means in the 
first year group (281.576 ± 14.205 days) and fourth (292.696 ± 11.666 
days) year groups were similar and different (shorter) from those in 
the other two year groups (343.660 ± 7.345 days and 341.36 ± 6.948 
days) ( table 16). 
      The means and standard errors of lactation length in the three 
seasons of calving are laid out in table (17). The lactation length was 
similar in winter and wet summer (291.706 ± 8.018 days, 303.134 ± 
6.904 days) and was shorter in dry summer (344.280 ± 10.604 days). 
4.2.2 Milk Yield:  
          The result of this study showed that overall mean milk yield in 
the studied herd was 4014.1 ± 82.5 liters (table 18). These results are 
higher than the results reported by Elfagir (2002) in Sudan, Hayder 
and Samee (2002) for imported and Pakistan born Holstein – Friesian 
cows and Abdelgader (2004) for Holstein – Friesian in Sudan. 
However, they are lower than those reported by Abdegader (2002) for 
Friesian cattle in hot climates and Ageep, et al, (2000) for Holstein – 
Friesian cows in the Sudan. 
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Table (15): The means and standard errors of lactation length (days) in different 
parities.  
Parity Mean S.E. 
Overall mean 312.330 4.939 
First 325.442 8.802 
Second 298.234 8.980 
Third 313.204 12.002 
Fourth 312.574 9.319 
 
 
 
Table (16): The means and standard errors of lactation length (days) in different 
years of calving.  
Calving years Mean S.E. 
Overall mean 312.330 4.939 
1 1992 – 1994 281.576a 14.205 
2 1995 – 1997 343.660c 7.345 
3 1998 – 2000 321.136b 6.948 
4 2001 – 2005 292.696a 11.666 
* Means followed by similar letters are not significantly different at 
(P<0.05). 
* S.E = Standard error. 
  
 
 
Table (17): The means and standard errors of lactation length (days) in different 
seasons.  
Seasons of calving Mean S.E. 
Overall mean 312.330 4.939 
Winter 291.706a 8.018 
Dry summer 344.280b 10.604 
Wet summer 303.134a 6.904 
* Means followed by similar letters are not significantly different at 
(P<0.05). 
* S.E = Standard error. 
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           The analysis of variance of milk yield is presented in appendix 
(6). The trait was highly significantly (P<0.01) affected by calving 
years and was also significantly (P<0.05) affected by parity. The 
season of calving and interactions between the three factors studied 
(parity, years and seasons of calving) had no significant influence on 
milk yield. These findings agree with the results obtained by Elfagir 
(2002) for Holsteins – Friesian in the Sudan. However, there is some 
disagreement with the results reported by Abdelgader (2004) who 
reported significant effects of season of calving on total milk yield for 
Holsteins – Friesian cattle in Sudan, but agreed with Abdegader 
(2002) who found a significant effect of season of calving on total 
milk yield. 
           The statistical analysis presented in table (18) shows means and 
standard errors of milk yield in calving year-groups. A similar 
production level was attained in the first two year- groups (3621.0 ± 
237.3 and 3534.7 ± 122.9 liters). A much higher production level 
(4133.4 ± 116.0 and 4636.4 ± 194.9 liters) was attained in the second 
year – group. This variation was probably due to variation in nutrition, 
management level, genetic potential of herd and other environmental 
effects (Table 18). 
          The means and standard errors of milk yield in the three seasons 
of calving are shown in table (19). There was no significant difference 
in milk yield between seasons. 
         Table (20) shows the effect of parity on milk yield. It was found 
that the yield in the first parity (4349.8 ± 147.o liters) was higher than 
in the other parities. This might be due to the adequate preparation of 
cows coming to the first lactation. There were no significant 
differences between all parities. 
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Table (18): The means and standard errors of the milk yield (liters) in different 
seasons.  
Calving  Years Mean S. E 
Overall mean 4014.1 82.5 
1 1992 – 1994 3621.0 a 237.3 
2 1995 – 1997 3534.7a 122.9 
3 1998 – 2000 4133.4b 116.0 
4 2001 – 2005 4636.4 b 194.9 
* Means followed by similar letters are not significantly different at 
(P<0.05). 
* S.E = Standard error. 
 
 
Table (19):  The means and standard errors of milk yield (liters) in different 
seasons. 
Season of calving Mean S. E 
Overall mean 4014.1 82.5 
Winter 3871.7 133.9 
Dry summer 3939.4 177.1 
Wet summer 4226.3 115.5 
 
 
 
Table (20): The means and standard errors of milk yield (liters) in different 
parities. 
 
Parity Mean S. E 
Overall mean 4014.1 82.5 
First 4349.8a 147.0 
Second 3826.0a 150.0 
Third 3978.4a 200.4 
Fourth 3861.1a 156.0 
 
* Means followed by similar letters are not significantly different at 
(P<0.05). 
* S.E = Standard error. 
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4.2.3. Daily Milk Yield:  
           Regarding the productive traits in this study the overall mean 
daily milk yield was (12.813 ± 0.238 liters). Table (21) shows means 
of daily milk yield in liters. They are higher than those obtained by 
Remero et al. (1992) for daily milk yield of Holstein breeding cows in 
Venezuela. However, they are lower than those reported by Pryce      
et al. (2001), Ageeb et al. (2000) in Sudan and Elfaky and Elzubeir 
(2004). 
          The analysis of variance of daily milk yield is shown in 
appendix (4). This trait is highly significantly (P<0.001) affected by 
years and season of calving while parity and interactions involving 
seasons and years of calving and parity had no significant effect on 
daily milk yield.  
          The means and standard errors of daily milk yield in different  
years of calving groups are given in table (22). It was found that the 
daily milk yield in the first, second and third year- groups 
(12.455±0.684, 10.292±0.354 and 12.936 liters) was less than the 
daily milk yield in the fourth years - groups (15.451±0.562 liters). 
          The means and standard errors of daily milk yield in the three 
seasons of calving are shown in table (23). The daily milk yield in 
winter and wet summer were similar and higher (13.075 ± 0.386, 
13.938 ± 0.333 liters) than those in dry summer (11.329 ± 0.511 
liters). 
4.3.4 Dry Period:  
Dry period is considered important because it has an effect on 
the development of udder tissue. In this study the overall mean dry 
period is found to be 156.1 ± 7.0 days (table 24). These results are in 
agreement with the findings of Abdelgader (2004). However,  they are  
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Table (21): The means and standard errors of daily milk yield (liters) in different 
parities.  
Parity Mean S.E. 
Overall mean 12.813 0.238 
First 13.174 0.424 
Second 12.689 0.433 
Third 12.907 0.578 
Fourth 12.385 0.449 
 
 
 
 
Table (22): The means and standard errors of daily milk yield (liters) in different 
year of calving  
Calving years Mean S.E. 
Overall mean 12.813 0.238 
1 1992 - 1994 12.455a 0.684 
2 1995 - 1997 10.292a 0.354 
3 1998 - 2000 12.936b 0.335 
4 2001 - 2005 15.451b 0.562 
* Means followed by similar letters are not significantly different at 
(P<0.05). 
* S.E = Standard error. 
 
 
Table (23): The means and standard errors of daily milk yield (liters) in different 
seasons. 
Season of calving Mean S.E. 
Overall mean 12.813 0.238 
Winter 13.075b 0.386 
Dry summer 11.329a 0.511 
Wet summer 13.938b 0.333 
* Means followed by similar letters are not significantly different at 
(P<0.05). 
* S.E = Standard error. 
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longer than those obtained by Islam et al. (2005) for Friesian cross 
breeds, Ishag (2000) for Kenana ×Frisian crossbred cows, Juma and  
Altkriti (1991) for Friesian cows. 
However, the rest period is longer than those reported by Elfgir 
(2002) for Holstein-Friesian in Sudan. 
The analysis of variance revealed that the length of dry period 
was highly significantly (P<0.001) affected by lactation length and 
calving year but not by parity or season of calving and all interactions 
were not significant (p>0.05).This is presented in appendix (6). 
The findings on the effect of parity on dry period in this study 
disagree, with those of Elfagir (2002) and Abdelgader (2004) in 
Sudan. In this study, the year of calving is found to have a significant 
influence on dry period. These findings disagree with those of 
Abdelgader (2004) and Elfagir (2002) in Sudan. The means and 
standard errors of dry period length in the different year groups (table 
24) indicates that the first year groups witnessed the longest (221.3 ± 
17.4 days) dry period while the last three year groups showed the 
shortest (135.8 ± 17.4 days) dry period. 
Table (25) shows the means and standard errors of dry period in 
different seasons of calving. A short (143.8 ± 9.9 days) dry period was 
found in wet summer compared with 165.0 ± 11.8 days in winter. 
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Table (24): The mean and standard errors of dry period (days) in different years of 
calving. 
Calving years Mean S.E 
Overall mean 156.1 7.0 
1 1992 – 1994 221.3a 17.4 
2 1995 – 1997 134.7b 10.0 
3 1998 – 2000 139.6b 10.2 
4 2001 – 2005 135.8b 17.4 
* Means followed by similar letters are not significantly different at 
(P<0.05). 
* S.E = Standard error. 
  
 
 
 
 
Table (25): The mean and standard errors of dry period (days) in different 
seasons. 
 
Season of calving Mean S.E 
Overall mean 156.1 7.0 
Winter 165.0 11.8 
Dry summer 159.6 14.8 
Wet summer 143.8 9.9 
 
* Means followed by similar letters are not significantly different at 
(P<0.05). 
* S.E = Standard error. 
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CHAPTER FIVE 
CONCLUSSION 
 
This study was conducted to evaluate some of reproductive and 
productive traits of the Holstein – Friesian cattle in Azaheer Farm 
conditions at Elbagair area covering the period from (1992- 2005).  
The reproductive traits studied were 
1. Age at first calving (32 ± 0.4 months) was significantly 
(P<0.001 and 0.05) affected by year of calving and calving year 
× season. 
2.  Calving interval (454.8 ± 8.3 days) was significantly ( P< 0.05) 
affected by calving year and its interaction with parity. 
3. Open period (176.0 ± 5.2 days) was significantly (P<0.05,        
P<0.01 and (P<0.001) affected by calving year, season and 
lactation length. 
4.  Number of services per conception (3.2 ± 0.1) was significantly 
(P< 0.001 and P<0.01) affected by season of calving and 
calving year × season. 
The productive traits studied were: 
1.  Lactation length (312.3 ± 5.0 days) was significantly (P< 0.001) 
affected by calving year and season of calving. 
2.  Milk yield (4014.1 ± 82.5 liters) was significantly (P<0.05 and 
P<0.001) affected by parity and calving year. 
3.  Daily milk yield (12.8 ± 0.2 liters) was significantly (P<0.001) 
affected by calving year and season of calving. 
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4.  Dry period (156.1 ± 7.0 days) was significantly (P<0.001) 
affected by calving year and lactation length. 
It could be concluded that when dealing with pure bred 
European cattle in Sudan maximum level of management should be 
provided (e.g. Housing, Feeding, Sanitation and Health). 
The economics of production using pure Frisians must be 
studied carefully. 
The huge costs associated with preparing proper housing, 
cooling, feeding and health management make it doubtful to expect an 
enterprise based on pure Friesians will be economically viable.     
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FIGURES 
Fig(1) Age at f irst calving in different calving years and seasons
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Fig(2)  calving interval in different calving years and season
at secend parity 
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Fig(3)  calving interval in different calving years and season
at third parity 
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Fig(4) calving interval in different calving years and season
at forth parity
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Fig(17)Open period in different calving years and season
 at second parity
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Fig(16)Open period in different calving years and season at f irst parity
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 Fig. (5): Open period in different calving years and season at first parity 
Fig. (6): Open period in different calving years and season at second parity 
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Fig(18)Open period in different calving years and season at third parity
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Fig(19)Open period in different calving years and season 
at fourth parity
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Fig. (7): Open period in different calving years and season at third parity 
Fig. (8): Open period in different calving years and  at fourth parity 
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Fig(5)Lactation length in different calving years
and season at f irst parity
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Fig(6)Lactation length in different calving years
and season at second parity
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Fig. (9): Lactation length in different calving years and season at first parity 
Fig. (10): Lactation length in different calving years and season at second parity 
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Fig(7)Lactation length in different calving years
and season at third parity
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Fig(8)Lactation length in different calving years
and season at forth parity
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Fig. (11): Lactation length in different calving years and season at third parity 
Fig. (12): Lactation length in different calving years and season at fourth parity 
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Fig(9)Milk yield in different parity at f irst  calving years groups
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Fig(10)Milk yield in different parity at second calving years groups
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Fig. (13): Milk yield in different parity at first calving year groups 
Fig. (14): Milk yield in different parity at second calving year groups 
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Fig(11)Milk yield in different parity at third  calving years groups
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Fig(12)Milk yield in different parity at fourth calving years groups
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Fig. (15): Milk yield in different parity at third calving year groups 
Fig. (16): Milk yield in different parity at fourth calving year groups 
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Fig(13)Dry period in different calving years and season at f irst parity
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Fig(14)Dry period in different calving years and season
 at second parity 
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Fig. (17): Dry period in different calving years and season at first parity 
Fig. (18): Dry period n different calving years a d sea o  at second parity 
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Fig(15)Dry period in different calving years and season at third parity
Calving Years
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Fig. (18): Dry period in different calving years and season at third parity 
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Appendix (1) 
The effect of calving year and season on age at first calving 
 
 
Source df Mean Square F Sig. 
Calving Year  3 1513.1 74.0 0.000 
Season  2 61.9 3.0 0.051 
Calving Year × Season 6 46.9 2.3 0.037 
Error 190 20.4   
 
 
Appendix (2) 
The effect of parity, calving years and season of calving on calving interval 
Source Df Mean Square F Sig. 
Parity  2 36941.7 1.8 0.170 
Calving years  3 77188.8 3.7 0.011 
Season of calving  2 5970.9 0.3 0.750 
Parity × Calving year 5 64566.4 3.1 0.009 
Parity × Season of calving 4 31663.0 1.5 0.194 
Calving year × Season of calving 6 25377.3 1.2 0.293 
Parity × Calving year × Season of calving 9 17192.3 0.8 0.591 
Error 576 20779.3   
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Appendix 3 
The effect of lactation length, parity, calving years and season of calving on open 
period 
 
Appendix (4) 
The effect of parity, calving year and season of calving on number of services per 
conception 
Source df Mean Square F Sig.
Parity 3 6.2 1.8 .141
Calving  years 3 7.0 2.1 .104
Season of  calving 2 25.2 7.5 .001
Parity × calving  year 8 3.2 1.0 .480
Parity × season  of  calving 6 4.4 1.3 .252
Calving  year ×  season  of  calving 6 9.5 2.8 .010
Parity  ×  calving  year×  season  of  calving  15 4.9 1.5 .118
Error 638 3.4   
Source df Mean square F Sig. 
Lactation length 1 1740344.3 164.3 .000 
Parity 3 15748.1 1.5 .217 
Calving  years 3 32374.4 3.1 .028 
Season of  calving 2 67090.0 6.3 .002 
Parity ×  calving  year 8 12430.3 1.2 .313 
Parity × season  of  calving 6 18608.6 1.8 .106 
Calving  year ×  season  of  calving 6 20114.5 1. 9 .079 
Parity  ×  calving  year×  season  of  calving  15 10650.9 1.1 .447 
Error 640 10594.0   
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Appendix (5) 
The effect of parity, calving year and season of calving on milk yield, daily milk 
yield and lactation length. 
 
Source Dependent Variable df 
Mean 
Square F Sig. 
Milk yield 3 9331432.6 3.2 .024 
Daily milk 3 17.7 0.7 .537 Parity 
Lactation length  3 18211.4 1.7 .159 
Milk yield 3 28400140.6 9.6 .000 
Daily milk 3 547.5 22.4 .000 Calving years 
Lactation length 3 70803.0 6.7 .000 
Milk yield 2 5537196.0 1.9 .153 
Daily milk 2 194.1 7.9 .000 Season 
Lactation length 2 75967.6 7.2 .001 
Milk yield 8 5263523.4 1.9 .076 
Daily milk 8 50.4 2.1 .037 Parity ×calving years Lactation length 8 6555.4 0.6 .759 
Milk yield 6 1198313.3 0.4 .875 
Daily milk 6 5.6 0.2 .968 Parity × Season 
Lactation length 6 4892.8 0.5 .835 
Milk yield 6 2048108.6 0.7 .653 
Daily milk 6 86.0 3.5 .002 Calving years ×  Season Lactation length 6 3704.2 0.3 .909 
Milk yield 15 4633647.7 1.6 .075 
Daily milk 15 22.1 0.9 .558 
Parity × Season 
×Calving years 
 Lactation length 15 17422.6 1.6 .055 
Milk yield 766 2945045.7   
Daily milk 766 24.4   Error 
Lactation length 766 10524.6   
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Appendix (6) 
The effect of calving years, season of calving and parity on milk yield 
 
Source df Mean Square F Sig. 
Calving years  3 27585825.0 9.4 .000
Season of calving  2 5968510.5 2.0 .132
Parity  3 9002197.8 3.1 .027
Calving years × season of calving 6 1881469.4 0.6 .698
Calving years ×  parity 8 5287373.8 1.8 .074
Season of calving ×  parity 6 1027750.1 .3 .910
Calving years ×  season of calving ×  parity 15 4487955.1 1.5 .089
Error 765 2937210.2   
 
 
Appendix (7) 
The effect of lactation length, parity, calving years and season of calving on dry 
period. 
 
Source df Mean Square F Sig.
Lactation length  1 463655.5 29.5 .000
Parity  2 16182.4 1.0 .357
Calving year  3 94290.3 6.0 .000
Season of calving  2 22140.7 1.4 .245
Parity  × Calving year 6 26535.6 1.7 .121
Parity × Season of calving 4 30991.1 2.0 .097
Calving year × Season of calving 6 29043.1 1.9 .087
Parity × Calving year × Season of calving 11 24250.4 1.5 .112
Error 572 15702.3   
 
